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Abstract 
This study applies Johansen co-integration and Granger causality tests to examine the long-run equilibrium relationship and the 
causality between military expenditure (ME) and economic growth (GDP) for the case of Turkey which has been a rapidly 
developing economy for the last decade. Annual data covering 1988-2013 periods is used to conduct empirical investigation. The 
findings of the study indicate that in the long-run, military spending and economic growth are co-integrated. The results of 
Granger causality test suggests that there is a uni-directional relationship running from economic growth to military spending, 
however any causality from military spending to economic growth isn’t observed in the present study. 
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1. Introduction 
There are several channels through which military spending may affect economic growth. Each channel may 
result to different outcomes. Positive security-related effects on supply-side spillovers might be accompanied by the 
negative ones such as pulling resources away from more productive sectors of the economy. Therefore, predicting 
the net effect of defense spending on the economic growth is difficult and a matter of investigation. However, the 
empirical studies have given different results and the effect of military expenditure on the economic growth has 
remained as a controversial subject among economists. The answer of this question has vital implications for the 
defense policy of the countries. 
Because of its geographical condition Turkey has never felt itself secure. Long lasting wars at the beginning of 
the 20th century made the young republic spend heavily on national defense. Then Second World War, being a 
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neighbor of socialist Russia, having borders with Middle East, problems with some of its neighbors led the country 
to keep spending great amount of money on military expenditures. To have more powerful military forces has 
always been vital for Turkey and military expenditures have taken one of the largest shares of the budget. 
To estimate the exact amount of Turkeys’ defense expenditure, all military related expenditures of the country 
should be taken into account. There are two comprehensive international sources to monitor military expenditure in 
Turkey: the North Atlantic Treaty Organization (NATO) and the SIPRI Military Expenditure databases. According 
to these sources; Turkeys’ military expenditure reached to its maximum level in the late 1990s and then began to 
decline. Although there has been intend to reduce the military expenditure for the last decade, military expenditure 
of Turkey is still considerably high. In 2012, the components of Turkish military expenditures sum up to almost 2.4 
per cent of the gross domestic product which is the world’s 15th highest defense spending, despite the spending cut. 
On the other hand for the last decade Turkey has had a high GDP growth rate, which means that high GDP growth 
rate is accompanied by defense spending cut. These properties make Turkey a good case to investigate relationship 
between military expenditure and GDP growth. Our study aims to investigate this relationship by using 
cointegration and causality analysis.   
This study is structured as follows; Section 2 presents an overview of the related literature. Data and 
methodology will be presented in Section 3. Section 4 provides a discussion about empirical results of the study. At 
last, section 5 includes conclusion and recommendations for further studies. 
2. Literature review 
In many countries military expenditure is one of the most important components of the budget. So; the long term 
and causal relationship between military expenditure and GDP growth has been extensively studied in the literature. 
Benoit (1973) is the first researcher who put forth that there is a significant relationship between defense spending 
and economic growth and found a causal relationship from military expenditure to economic growth for the time 
period examined for 44 less developed countries. This issue attracted attention of the researchers and a large body of 
literature has emerged since late 1970s.  
Many studies provide evidence for the long run relationship between military expenditure and military spending. 
However, the question of whether military expenditure contributes or hinders economic growth is still under 
discussion. Cohen (1996) indicated that military expenditure might have indirect positive effect of on economic 
growth through investment. On the other hand; Heo (1999) suggested that military spending causes a reduction in 
investments and exports and consequently hinders the economic growth which means that there is an indirect 
negative effect of military spending on real income for South Korea. Yakovlev (2007) claimed that an increase in 
military expenditure may lead to an expansion of new technology which creates spillover for the civilian segment of 
the economy. On the contrary, military spending may also create inflationary pressure and reduce the amount of the 
resources used by the other sectors of the economy. Mylonidis (2008) found that defense expenditure has negative 
impact on real income of the country. Wang et al. (2012) indicated that military spending leads to a greater 
Malmquist index (MPI) which means military spending can enhance economic fertility in OECD countries.  
Also the existence and the way of the causality between these variables have been investigated intensely. 
Joerding (1986) applied the Granger causality approach and found the causal relationship between military spending 
and real income for 57 least developed countries. Kusi (1994) found bi-directional causal relationship in 1 country, 
uni-directional causal relationship in 12 countries, and no casual relationships in 62 countries. Applying the Granger 
causality approach, Chang et al. (2001) found evidence for bi-directional causality between military expenditure and 
real income in Taiwan and uni-directional causality running from real income to military expenditure in China. By 
using Granger causality approach Dakurah (2001) found that there is causal relationship between military 
expenditure and real income for 62 developing countries. Safdari et al. (2011) reported uni-directional causal 
relationship running from real GDP to defense spending in Malaysia and South Korea and were not able to find any 
causal relationship among them for Saudi Arabia and Iran. Dunne and Perlo-Freeman (2003) indicated the 
unidirectional relationship running from economic growth to military spending for Greece, Portugal, and Spain. 
Results show that the influence of greater economic growth on military spending may be either negative or positive. 
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For instance, a country which has higher real income may wish to fortify its military power against internal and 
external threats by increasing military spending (Dakurah, 2001). It is also possible that resources are diverted from 
military utilities to other productive uses in countries which have higher growth rates (Kollias et al., 2004, 2007). 
These findings show that there is a causal relationship between military spending and real income.  
Literature on Turkey is relatively limited and contradictory. Kollias and Makrydakis (1997) could find no 
evidence for causal relationship between military expenditure and GDP growth rate.  However; Sezgin (2001) 
claimed that defense spending of Turkey stimulates the economic growth and Dunne, Nikolaidou, and Vougas 
(1998) found unidirectional causality from defense spending to GDP growth. Karagol (2006) found a causal 
relationship from military expenditure to real income for the case of Turkey for the 1960-2002 period. These 
contradictory findings reveal that the relationship between military spending and GDP growth deserve attention. 
3. Data and Methodology  
3.1. Data 
Data used in this study are annual basis which cover the period of 1988-2013 and the variables are gross domestic 
product (GDP) and military expenditure (ME). Data were collected from World Bank Development Indicators 
(World Bank, 2014). GDP is at 2005 constant US $ prices and military expenditure is considered as a percentage of 
economic growth. All variables are transformed into the natural logarithmic form in order to capture growth effects 
(Katircioglu, 2009). 
3.2. Methodology 
The Augmented Dickey–Fuller (ADF) and Phillips–Perron (PP) unit-root tests are performed to determine the 
order of integration of the variables (Dickey and Fuller, 1981; Phillips and Perron, 1988) and the Johansen test is 
employed to estimate the possible long-run equilibrium relationship between these variables (Johansen and Juselius, 
1990). At last, Granger causality test is used to analyze the direction of the causal relationship between the variables 
(Granger, 1988). 
3.2.1. Empirical model 
 
This study suggests that ME might also be affected by GDP in the case of Turkey. Thus, the fundamental 
equation for this study can be shown as follows: 
 
GDP = f(ME)           (1) 
 
Where military expenditure (ME) is the function of gross domestic product (GDP). The variables in the formula 
can be transferred into the logarithmic form in order to capture impacts of growth as mentioned before; 
 
ln GDP = ȕ0 + ȕ1 ln ME + İt         (2) 
Where at time t, lnME and lnGDP are the natural log of military spending and real income respectively. İt 
represents the error term, ȕ0 is constant coefficient which is the intercept of the equation and ȕ1 is the coefficient of 
lnGDP and represents the slope of the equation. 
3.2.2. Unit root tests 
Unit root tests are used to check whether time series variables are. We employ two widely used unit root tests, 
namely Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1981) and Phillips-Perron(PP) (Phillips and Perron, 
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1988) tests, to determine the level of integration of the variables under investigation. The PP procedure is an 
alternative to ADF unit root test and computes a residual variance that is robust to auto-correlation (Katircioglu, 
2009). Enders (1995) suggests the most common model for unit roots with trend and intercept which is the initial 
point of our analysis. The formula is as follows: 
 
οݕ௧ ൌ ܽ଴ ൅ ߣ௬೟షభ ൅ ܽଶݐ ൅ σ ߚ௝
௣
௜ୀଶ οݕ௧ି௜ିଵ ൅ ߝ௧             (3) 
Where y is the dependent variable, a is the drift, t is trend, İ is a Gaussian white noise and p represents the lag 
level. In order to ensure that the errors are white noise, the number of lags “p” of the dependent variable should be 
determined by using the Akaike Information Criteria (AIC) or some other alternative criteria (Katircioglu et al., 
2007).PP and ADF tests apply t-test for Ȝ. Null hypothesis of these tests is the series is non-stationary. If the series is 
stationary at level, the series is called integrated of order zero, I(0).When the series is stationary at first differences, 
it is called integrated of order one, I(1). 
3.2.3. Co-integration tests 
 
In this part, the possible long-run equilibrium relationship between the variables is investigated. The present 
research is based on Johansen methodology that is used to test co-integration among variables those have the same 
order of integration. Minimum one co-integrating vector is required in order to have co-integration between 
variables. Johansen test takes its initial point in the vector auto regression (VAR) of order p given by; 
 
ݕ௧ ൌ ߤ ൅ ܣଵݕ௧ିଵ ൅ڮ൅ ܣ௣ݕ௧ି௣ ൅ ߝ௧for t = 1, …, T                          (4) 
Where yt, yt-1,…,yt-pare vectors of level and lagged values of P variables respectively which are I(1) in the 
model; A1,…, Apare coefficient matrices with (PXP) dimensions; ȝ is an intercept vector, İt is a vector of random 
errors. Johansen (1988) and Johansen and Juselius (1990) suggest that trace statistics are obtained by using the 
Eigen values. The trace statistic (Ȝtrace) could be estimated by the formula below; 
 
ߣ௧௥௔௖௘ ൌ െܶσܮ݊ሺͳ െ ߣ௜ሻǡ ݅ ൌ ݎ ൅ ͳǡǥǡ ݊ െ ͳ             (5) 
 
The null hypotheses are given as follows; 
 
H0: v = 0             H1: v  1 
H0: v  1             H1: v  2  
H0: v  2             H1: v  3 
 
3.2.4. Granger causality tests 
 
This test is performed in order to identify the direction of the causal relationship between ME and GDP. The 
casual relationships can be either unidirectional or bi-directional. This test estimates the following equations 
assuming there is no correlation between u1t andu2t. 
 
ܩܦ ௧ܲ ൌ σ ܽ௜௡௜ୀଵ ܯܧ௧ି௜ ൅ σ ߚ௝௡௝ୀଵ ܩܦ ௧ܲି௝ ൅ ݑଵ௧                                                                                                        (6) 
 
ܯܧ௧ ൌ σ ߣ௜௡௡ୀଵ ܯܧ௧ି௜ ൅ σ ߜ௝௡௝ୀଵ ܩܦ ௧ܲି௝ ൅ ݑଶ௧                                                                                                          (7) 
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4. Empirical results 
4.1.  Unit root test 
According to ADF and PP tests, series are stationary at the first differences which means series are integrated of 
order one, (1).  
 
The following table indicates the results of ADF and PP tests: 
Table 1. ADF and PP tests for unit roots 
Statistics (Level) ln GDP Lag ln ME Lag 
     
WT (ADF) -2.92 (0) -2.78 (0) 
WP (ADF) -0.15 (0) -0.65 (0) 
W (ADF) 4.16 (0) -0.59 (0) 
WT (PP) -2.92 (0) -2.81 (3) 
WP (PP) -0.06 (2) -0.65 (0) 
W (PP) 5.20 (3) -0.59 (1) 
     
Statistics  
(First Difference) 
¨ln GDP Lag ¨ln ME lag 
     
WT (ADF) -5.53* (0) -5.13* (0) 
WP (ADF) -5.67* (0) -4.95* (0) 
W (ADF) -3.40* (0) -4.97* (0) 
WT (PP) -5.56* (2) -5.16* (2) 
WP (PP) -5.70* (2) -4.95* (1) 
W (PP) -3.41* (2) -4.98* (1) 
     
 
Notes: where Y represents GDP which stands for gross domestic product; ME is military expenditure by government; ĲT represents the most 
common model with a trend and intercept; Ĳȝ is the second approach with intercept and without trend; Ĳ represents the most limited model without 
trend and intercept. Numbers in parentheses show lag lengths. * indicates the rejection of the null hypothesis at 1% level. Tests were carried out 
by E-VIEWS 7.0. 
4.2. Co-integration analysis 
After performing the unit root test, it’s found that all the series are stationary at their first differences. Thus, 
Johansen co-integration analysis is applied in order to check the possible long-run equilibrium relationship among 
variables. Results of the test are shown in the following table; 
Table 2. Johansen Test for Co-integration 
Hypothesized                                    Trace               5 Percent             1 Percent 
No. of CE(s)          Eigenvalue        Statistics       Critical Value      Critical Value 
None*   0.768674             31.12422          15.41                     20.04 
Note: * shows the rejection of the null hypothesis at 5% level of alpha. 
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According to the Johansen co-integration test, the null hypothesis of there is no co-integrating vector in the 
proposed model is rejected and concluded that there is at least one co-integrating vector. In other words, there might 
be a long-run equilibrium relationship between military expenditure and economic growth in Turkey. 
4.3. Granger causality test 
Co-integration relationship between variables is confirmed by the Johansen method. Granger Causality tests 
should be run in order to find the direction of the causal relationship among variables. Findings are shown in the 
following table; 
Table 3.Granger causality test 
         Lag Length                        Null Hypothesis                              F-statistics             prob. 
  1                 LNME does not Granger Cause LNGDP           0.08174              0.7776 
     LNGDP does not Granger Cause LNME              8.51735                      0.0080 
 
The null hypothesis of lnGDP does not Granger cause lnME is rejected at 1% level of alpha which means 
economic growth of Turkey Granger causes military expenditure. In other words, a change in economic growth in 
Turkey may lead to a change in military expenditure. According to Granger causality results, there is no causal 
relationship running from military expenditure to economic growth. So, there is a unidirectional relationship running 
from GDP to military expenditure and any bidirectional relationship isn’t observed in the current study. 
5. Conclusion 
The aim of this study is to investigate the causal relationship between military expenditure and economic growth 
in Turkey, which has been a fast developing economy accompanied by high level of military expenditure. Our 
empirical results indicate that military spending and economic growth have long-run equilibrium relationship. 
Moreover, there is a uni-directional causality running from economic growth to military expenditure, however any 
causality from military spending to economic growth isn’t observed in the present study.There are several previous 
studies those contradict (among others; Kollias and Makrydakis, 1997; Nikolaidouet al., 1998; Sezgin, 2001; 
Karagol, 2006) and in agreement with (including; Topcu and Aras, 2013) our empirical findings. Albeit, given the 
lack of consensus in the literature the causal relationship between military expenditure and economic growth, the 
contradictory findings in the case of Turkey is not surprising but still deserve a plausible explanation.  
One of the possible explanations of the contradictory findings might be due to different period of the studies. All 
four studies listed above; those have contradictory results with our findings; use the data set covering 1980’s and 
90’s period. However; for the last ten years macroeconomic fundamentals of Turkey have changed considerably. So 
it might be plausible to expect having different empirical findings.  
Our results can be explained by the macroeconomic fundamentals of the country as well. Topcu and Aras (2013) 
find that for several countries; including Turkey, Brazil, China, India; there is a unidirectional causality from 
economic growth to military expenditure, however, for G7 countries causality runs from military expenditures to 
economic growth. So, from that point of view, there are at least two possible explanations for our findings: First, 
Turkey, as a developing country with limited resources, is still in a position that military spending is constrained by 
the low income and growth. So, only when economy grows, government can increase its expenditures to strength its 
military power. Second explanation is related with the first one. According to Stockholm International Peace 
Research Institute Turkey is a net arm importer which means military expenditures should be financed by the scarce 
resources and foreign exchange reserves of the country. So, only with a higher GDP growth rate Turkey can finance 
its military expenditures. Supporters of spin-off effect claim that military expenditures contributes to economic 
growth via modernization, training and infrastructure (see Dunne and Nikolaidou, 2001; Yildirim et al., 2005), 
however, it seems that this effect is only relevant for developed countries those have more sophisticated military 
technology and export capacity. 
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It has been argued that Turkey, which has a critical geographical position, should always be aware of the 
importance of military power and spend its resources to improve its military strength. However, our findings reveal 
that military spending does not contribute to the economic growth of Turkey. This finding implies that primary 
concern of the government should be to promote economic growth which in turn provides resources to finance 
higher military expenditures. To this aim, scarce resources should be directed towards investment in infrastructure, 
education expenditure and other more productive civilian investments. Given the geopolitical position of Turkey and 
importance of national security for the country, it is expected that in the medium and long term a more powerful 
national economy will stimulate military expenditures.  
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